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TO THE BENEFICIAL USE OF LUNAR MAGMA PRODUCTS 

C o n t r a c t  NAS 7-358 

P r i n c i p a l  I n v e s t i g a t o r ,  E. Azmon, Ph.D. 

ACTIVITIES LAST QUARTER 

During t h e  last  q u a r t e r  we a c q u i r e d  t h e  l a r g e  Carl-Zeiss p e t r o g r a p h i c  
photomicroscope (35 mm p l u s  a u t o m a t i c  exposure  c o n t r o l ) .  T h i s  g i v e s  u s  
improved o p t i c a l  r e s o l u t i o n  and a l lows  more r e f i n e d  p e t r o g r a p h i c  exami- 
n a t i o n .  

The e f f o r t  c o n c e n t r a t e d  on t h e  a n a l y s i s  of  gabbro  and s e r p e n t i n e ,  on 
t h e  comple t ion  o f  a n a l y s i s  o f  an a r t i f i c i a l  o l i v i n e ,  and on t h e  e x t e n -  
s i o n  o f  some h i g h  p r e s s u r e  d a t a  down t o  one  atmosphere.  We conducted 
a t o t a l  o f  53 new expe r imen t s  t o  d e t e r m i n e  t h e  s o l i d - l i q u i d  phase  
t r a n s f o r m a t i o n s  which b r i n g  t h e  t o t a l  number o f  d e t e r m i n a t i o n s  t o  d a t e  
t o  649. A s u f f i c i e n t  back log  o f  p a r t l y  a n a l y z e d  expe r imen t s  i s  a v a i -  
l a b l e  t o  a s s u r e  a c o n t i n u o u s  supply o f  samples  f o r  p e t r o g r a p h i c  and 
x - r a y  a n a l y s e s .  

Ano the r  ma jo r  a n a l y t i c a l  i n s t r u m e n t  became a v a i l a b l e  t o  u s  d u r i n g  t h e  
second h a l f  of t h i s  q u a r t e r  when t h e  [Norair D i v i s i o n  o f  Northrop)ac-  
q u i r e d  a n  E l e c t r o n  Probe a t t achmen t  t o  t h e i r  H i t a c h i  E l e c t r o n  micro-  
s cope .  Techniques were developed t o  p r e p a r e  samples  f o r  optimum 
r e s u l t s  and w e  hope t o  b e g i n  accumulat ing r e l i a b l e  d a t a  i n  t h e  n e x t  
q u a r t e r .  

NEW DATA 

O l i v i n e  - The d e t e r m i n a t i o n  and a n a l y s e s  o f  m e l t i n g  o f  f a y a l i t e  ( t h e  
i r o n  end member o f  t h e  o l i v i n e  series) were c a r r i e d  up t o  40 k i l o b a r s .  
The e n c l o s e d  summarizing document h a s  been p r e p a r e d  f o r  p u b l i c a t i o n .  
L.  C .  Hsu, one  o f  t h e  s t u d e n t s  working on o u r  c o n t r a c t  d i d  most o f  t h e  
work on t h e  f a y a l i t e ,  hence ,  w e  would l i k e  t o  p u b l i s h  t h e  r e s u l t s  unde r  
h i s  name, g i v i n g  p r o p e r  acknowledgement t o  t h i s  c o n t r a c t u a l  s u p p o r t .  
L. C .  Hsu w a s  g r a n t e d  h i s  Ph.D. d e g r e e  i n  geo logy  from UCLA l as t  sum- 
m e r  and i s  now w i t h  t h e  Pennsy lvan ia  S t a t e  U n i v e r s i t y .  

Gabbro - P r e s s u r e -  t e m p e r a t u r e  experiments  w i t h  gabbro showed t h a t  ex- 
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pos ing  t h e  sample t o  p r o p e r  P-T combinat ions p r i o r  t o  quenching pro-  
duces o n e  o f  f i v e  quench phases :  (1) u n a l t e r e d  o r i g i n a l  rock;  ( 2 )  re- 
c r y s t a l l i z a t i o n  o f  o r i g i n a l  c r y s t a l s ;  ( 3 )  quench c r y s t a l l i z a t i o n  from 
m e l t ;  ( 4 )  g l a s s ;  ( 5 )  any o f  t h e  above i n  a v e s i c u l a r  m a t r i x .  I t  w a s  
assumed t h a t  i f  a s i n g l e  sample i s  p r e p a r e d  so t h a t  a thermal  g r a d i e n t  
would e x i s t  from end t o  end,  i t  might be p o s s i b l e  t o  o b t a i n  a l l  f i v e  
phases  i n  o n e  expe r imen t  on t h e  one sample. 
have s e r v e d  t o  examine t h e  phase  t r a n s i t i o n s .  The a c t u a l  d e t e r m i n a t i o n  
showed t h a t  due t o  p r e s s u r e  dependence, t h e r e  were P-T combina t ions  a t  
which o n e  phase  o r  a n o t h e r  c o u l d  not  e x i s t .  F i g u r e  1 shows t h e s e  rela- 
t i o n s  i n  a g e n e s i s  diagram. ( A  g e n e s i s  d i ag ram shows t h e  end p r o d u c t s  
o f  t h e  p r o c e s s .  T h i s  is  d i f f e r e n t  from a p h a s e  diagram t h a t  shows t h e  
p h a s e s  t h a t  c o e x i s t  w h i l e  a se t  of  P-T c o n d i t i o n s  p r e v a i l . )  

Such an expe r imen t  would 

S e r p e n t i n e  - P r e s s u r e -  t e m p e r a t u r e  expe r imen t s  w i t h  s e r p e n t i n e  were 
completed up t o  45 k i l o b a r s .  

P e t r o g r a p h i c  P r o p e r t i e s  o f  Cast and Formed Geometric Shapes - The d a t a  
c o l l e c t e d  i n  t h e  p a s t  two y e a r s  were used as a b a s i s  f o r  c a s t i n g  and 
forming g e o m e t r i c  s h a p e s  of some rocks  ( F i g u r e  2) .  Most of t h i s  e f f o r t  
was c o n c e n t r a t e d  on c o n t r o l l i n g  t h e  shapes  a t  t e m p e r a t u r e s  s l i g h t l y  
below and s l i g h t l y  above t h e  m e l t i n g  r anges .  Four  d i f f e r e n t  c o n t a i n e r s  
were examined f o r  h o l d i n g  t h e  rock m e l t :  b o r o n - n i t r i d e ,  g r a p h i t e ,  t a l c ,  
and p y r o p h y l l i t e .  The g r a p h i t e  appea r s  t o  g i v e  t h e  b e s t  s e r v i c e  and 
t h e  p e t r o g r a p h i c  d e t e r m i n a t i o n s  w i l l  be mos t ly  based on melts p repa red  
i n  g r a p h i t e .  

PLANNED A C T I V I T Y  FOR NEXT QUARTER 

We w i l l  make p e t r o g r a p h i c  d e t e r m i n a t i o n s  o f  cast  and formed rock shapes  
and p o s t u l a t e  p o s s i b l e  u t i l i t i e s .  

€ . A T c -  
E. Azmon, Ph.D. 
P r i n c i p a l  I n v e s t i g a t o r  
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QUENCH PRODUCTS OF P-T 

ORIG. - ORIGINAL CRYSTALS 
GL. - GLASS 
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GENESIS DIAGRAM FOR GABBRO: PRESSURE VS TEMPERATURE 
F i g u r e  1 



(a) BASALT 1 O8O0C 1 1/2 HOURS BENDING BELOW THE MELT1 NG, 

(b) OBSEDIAN DUST 13OO0C 1 1/2 HOURS CAST 
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OBS~DIAN DUST i075Oc 12 HOURS MELT AND CAST 

Figure 2 


